Multiscale Methods for Analysis of Heterogeneous Column, Slab and Shell Structures with Irreducible Three Dimensional Microstructures by 房玲明
 
学校编码：10384                                  分类号      密级     











Multiscale Methods for Analysis of Heterogeneous Column, Slab 
and Shell Structures with Irreducible Three Dimensional 
Microstructures 
 
房 玲 明 
 
指导教师姓名：王东东 教授 
专  业 名 称：结 构 工 程 
论文提交日期：2011 年 5 月 
论文答辩时间：2011 年 6 月 
  
答辩委员会主席：             
评    阅    人：             
 
































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的











































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 














































































The engineering application of composite materials has been fast growing due to 
their sound properties of stiffness, strength and rupture toughness. Thus, the proper 
multiscale modeling of the mechanical behavior for these materials is of great 
importance. The most frequently used multiscale computational approaches consist of 
the concurrent multiscale modeling and the hierarchical multiscale modeling. In the 
concurrent multiscale modeling, the material behavior at all length scales is solved at 
one time and hence this method requires very demanding computational resources. In 
contrast, the hierarchical way derives solutions scale by scale and consequently is 
computational efficient. As a representative approach of hierarchical multiscale 
modeling, the asymptotic expansion multiscale method has become one of the most 
important way to study the mechanical behavior of composites, because it is not only 
able to calculate the marcroscopic homogenizing properties of composites, but also 
can measure the microscopic material response in a consistent manner . 
In this work, an asymptotic expansion-based consistent multiscale formulation is 
presented for analysis of heterogeneous column, slab and shell structures with 
irreducible three dimensional microstructures. It is noted that the microstructure like 
unit cell for these structures often is completely three dimensional but only exhibits 
periodicity in one or two directions. Consequently, the local problem can not be 
reasonably modeled under either the plane stress condition or the plane strain 
condition, even the three dimensional asymptotic multiscale modeling is also not 
suitable for this typical problem. Herein this problem is solved effectively via 
constructing a special multiscale asymptotic expansion displacement field which 
perfectly carries the geometric and periodic characteristics as mentioned. This 
multiscale asymptotic displacement expansion can reflect the microscopic periodicity, 
such as the column axial periodicity and the in-plane periodicity of slab and shell as 
well. Subsequently, by consistently employing the multiscale asymptotic expansion 
approach, the global macroscopic structural problem and the local microscopic unit 
cell problem are rationally derived. The local unit cell problem represents the physics 
of the microstructure, i.e., the given directional periodicity and traction free surface 
conditions, while the homogenized global equations stand for the standard one 
dimensional or two dimensional plane stress problem. The enforcement of special 















present formulation is illustrated by a series of representative numerical examples. 
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